ABSTRACT -Background -The association between infection with Helicobacter pylori and different gastroduodenal diseases is related to bacterial, host and environmental factors. Studies have demonstrated an association between the genetic diversity of H. pylori, especially in the vacA and cagA genes, and the development of digestive diseases such as peptic ulcer and gastric cancer. In addition, the nature of the host inflammatory response may explain these different manifestations of infection caused by this microorganism. In this respect, host factors that regulate the immune and inflammatory responses involving the functional interaction of H. pylori infection with different components of the immune system, particularly T cells, in gastroduodenal diseases still need further investigation. Objective -To characterize the immune response, including immunity induced by infection with H. pylori, especially virulent strains (vacA alleles and cagA gene), by analyzing the cytokine profile and T-cell population present in gastroduodenal diseases in a Brazilian population. Methods -In a prospective study, gastric biopsies were collected from 554 patients with different gastroduodenal diseases for histological analysis and for the determination of bacterial genotype and cytokine production (IL-4, IL-10, IFN-γ and IL-12) by ELISA. Results -The predominant genotype of the H. pylori strains isolated from the patients studied was s1m1cagA+, which was more common among patients with gastric ulcer, duodenal ulcer and gastric cancer. A significant association was observed between the s1m1cagA+ genotype and a higher degree of inflammation, higher neutrophil activity and the development of intestinal metaplasia. The gastric concentrations of IFN-γ and IL-12 were significantly higher in patients infected with H. pylori than in uninfected individuals. Higher levels of these cytokines were detected in patients with gastric ulcer and cancer, while the levels of IL-4 and IL-10 in the gastric mucosa were lower in these patients. In addition, IFN-γ and IL-12 concentrations in gastric biopsies were higher in patients infected with the virulent s1m1cagA+ genotype. In contrast, IL-4 and IL-10 levels were higher in tissue infected with s2m2cagA in gastric biopsies. Conclusion -Our study shows that the interaction between the type of infectious strain and the Th1 immune response can influence and perpetuate gastric inflammation, and thus contributes to the development of the different clinical manifestations of H. pylori infection.
INTRODUCTION
Helicobacter pylori is a gram-negative spiral bacterium that colonizes the gastroduodenal mucosa of humans. This microorganism is involved in the development of a number of gastroduodenal diseases such as chronic gastritis, peptic ulcer, carcinoma, and gastric lymphoma (1) (2) (3) . Although half of the world's population is infected with this bacterium, 80% of these individuals remain without clinical evidence of the disease (3) and only a small percentage (probably less than 3%) develop neoplasms related to the presence of H. pylori (4) . This wide variability in the clinical manifestations of H. pylori infection has been associated with different factors, such as bacterial virulence factors, environmental factors and host genetic factors (5) (6) (7) . Several studies have demonstrated the genotype diversity of H. pylori strains. The products of these strains trigger an inflammatory process through mediators and cytokines that results in different degrees of the inflammatory response in the host and consequently different pathological conditions (8) (9) (10) . The main virulence factors of H. pylori are vacuolating cytotoxin A (VacA) and cytotoxin-
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associated gene A (CagA). Cytotoxin CagA is encoded by the cagA gene, which is located on the cag pathogenicity island (cag-PAI), and is used as a marker of this island. Infection with CagA-positive H. pylori strains has been associated with the induction of an intense inflammatory response characterized by a dense infiltrate of neutrophils in the gastric mucosa (9) . The action of VacA causes the formation of vacuoles in gastric epithelial cells and consequent cell destruction. Thus, the identification of vacA alleles and of the cagA gene has been shown to be clinically relevant (5, 9) . Strains harboring a functional CagA-PAI and the vacA s1/m1 genotype have been detected at a higher frequency in patients with duodenal ulcer, atrophic gastritis and gastric cancer compared to strains lacking these virulence factors (10, 11) . Recent studies have also reported this association in Brazil (12, 13) . However, bacterial virulence factors alone are not sufficient to determine the clinical evolution of infection. Other host factors, particularly those regulating the immune and inflammatory response, also contribute to the development of gastroduodenal diseases and influence progression to more severe presentations (10, 14) .
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Local inflammation in H. pylori infection is characterized by the infiltration of neutrophils and specific lymphocytes into the gastric mucosa and by the increased production of various cytokines. Immunoregulatory and proinflammatory cytokines induced by H. pylori can influence the nature of the local T-cell response (10, 15) . Stimulation of helper T lymphocytes (CD4+) is observed during the specific immune response, which direct the immune response towards both the Th1 and Th2 profile. However, the cell-mediated response (Th1) predominates and most CD4+ cell clones, which are specific against H. pylori, secrete interferon gamma (IFN-γ) in response to antigen stimulation, indicating the Th1 phenotype of the immune response (3) . A humoral response is also observed, in which most of the antibodies produced against different bacterial antigens are of the IgG type; however, these antibodies do not confer protection nor prevent new infection (3) . The overall immune response that is unable to eliminate the microorganism results in a predominance of Th1 cells, while Th2 cells are practically absent during infection with H. pylori. This aberrant response of the host (Th1) to an organism that should induce secretory immune responses (Th2) may influence and perpetuate gastric inflammation (16) . The objective of the present study was to evaluate the immune response induced by infection with H. pylori, particularly s1m1cagA+ strains, in patients with different gastroduodenal diseases from the northern region of Brazil, and to associate these risk factors with the histopathological features of the gastric tissue.
METHODS

Patients
Gastric biopsy samples were collected from 554 patients with different gastroduodenal diseases seen at the Endoscopy Department of the Ofir Loiola Hospital between 2011 and 2013.
The gastric biopsies were obtained during upper digestive endoscopy. For DNA extraction, two biopsies were removed on average from the antral region, transferred to a sterile tube, and frozen for further analysis. Gastric biopsies were also obtained from the lesional and perilesional region for histopathological analysis and messenger of the cytokines (IL-4, IL-10, IFN-γ, and IL-12).
None of the patients had received antimicrobial drugs, H2-receptor antagonists, acid pump inhibitors, nonsteroidal antiinflammatory drugs, or any medication for at least 60 days prior to endoscopy. All patients included in the study were of the same socioeconomic level, had similar cultural habits, were born in the state of Pará, and had the same ethnic background (approximately 50% Portuguese, 40% Amerindian, and 10% African) (17) . The study was approved by the Ethics Committee of the Nucleus of Tropical Medicine, Federal University of Pará.
Histopathological analysis
The gastric fragments were stained with hematoxylin-eosin for histopathological analysis. For analysis of infiltration of polymorphonuclear and mononuclear cells, the histopathological parameters were graded from 0-3 according to the Sidney classification (18) .
Extraction of DNA and PCR
Total DNA was extracted from the frozen gastric biopsy specimens using the following procedure: 10 µL proteinase K and 300 µL lysis buffer (200 mM Tris-HCl, 25 mM EDTA, 300 mM NaCl, 1.2 % sodium dodecyl sulfate) were added to the biopsy specimens and the mixture was incubated for 12h at 55°C. The lysate was extracted with an equal volume of phenol-chloroform, precipitated with isopropanol, and washed with 70% ethanol. The pellet was dried and suspended in 200 µL sterile distilled water. The extracted DNA was stored at -20°C.
For the detection of bacterial DNA, primers P1 and P2 that amplify a 298-bp fragment found in all H. pylori strains were used (19) . Only patients in whom amplification with these primers (P1 and P2) occurred were typed for the vacA alleles and cagA gene.
The protocol and primers described by Tumuru et al. (1993) (20) were used for amplification of the cagA gene. The PCR products were separated by electrophoresis on 2% agarose gel stained with ethidium bromide and visualized under a UV transilluminator.
Detection of IFN-γ, IL-4, IL-10 and IL-12
Messenger of the cytokines (IL-4, IL-10, IFN-γ, and IL-12) was quantified by ELISA. Two biopsy specimens were frozen immediately in liquid nitrogen and stored at −80°C. These samples were later homogenized with 1mL phosphate buffered saline (pH 7.4) for 1 minute at 4°C. The homogenate was then centrifuged for 10 minutes at 14,000 rpm. The supernatant obtained was used for estimation of cytokines IL-10, IL-2, INF and TNF (21) . The citokines concentration was measured by ELISA kit (Thermo Fisher Scientific, Waltham, MA, USA) in a sandwich type assay using the procedure recommended by the manufacturer. The amount of citokines in the gastric mucosal biopsies was expressed as pg/mg protein.
Statistical analysis
Odds ratios and G-tests were used to evaluate the proportion of risk factors in the control and patient groups. The level of significance was set at 95%. Statistical analysis was performed using the BioEstat 5.0 program (22) .
RESULTS
Epidemiological data
There was a predominance of males among patients with gastric ulcer (x 2 =8.81; P=0.00) and gastric cancer (x 2 =7.38; P=0.00) when compared to patients with gastritis and duodenal ulcer. The age of the patients ranged from 18 to 91 years. Patients with gastric ulcer and cancer were older than those of the other two groups studied (x 2 =4.5; P=0.00). DNA of H. pylori was detected by a molecular biology method (PCR) in gastric biopsies of 91% of the cases analyzed. Patients with duodenal ulcer who tested positive for H. pylori exhibited a higher frequency of the cagA gene than patients with gastritis, gastric ulcer and gastric cancer.
Genotyping of the vacA alleles and cagA gene of H. pylori
Samples in which H. pylori DNA was detected were characterized for vacA and cagA genotypes. Analysis of these alleles showed that 97.6% (494/506) of the samples were monoinfected, i.e., they carried only one bacterial strain, and mixed infection was found in 12/506 (2.4%). Genotyping of vacA revealed the signal region allele s1 in 88% (446/506) of the samples. In the mid-region, allele m1 predominated (87%, 440/506). The cagA gene was detected in 85.6% (433/506) of the patients infected with H. pylori.
Comparison of the different vacA and cagA genotypes showed a higher prevalence of the virulent s1m1cagA+ genotype in monoinfected patients. A predominance of genotype s1m1/ s2m2cagA+ was observed in patients infected with multiple strains. Another genotype found in mixed infections was s1m1/ s2m2cagA- (TABLE 1) .
Intestinal metaplasia was observed in 24.5% (121/494) of monoinfected patients, most of them carrying genotype s1m1cagA+ in the gastric mucosa (TABLE 3) . 
Total 506 244 (100) 51 (100) 145 (100) 66 (100)
Frequency of the association of different genotypes in patients with gastroduodenal diseases
Correlation between the endoscopic diagnosis of gastroduodenal disorder and H. pylori strain showed that the virulent s1m1cagA+ genotype was more frequent in patients with gastric ulcer (G=34.18; P=0.001), duodenal ulcer (G=62.04; P=0.001) and gastric cancer (G=62.52; P=0.001) than in those with gastritis (TABLE 1) .
Association between H. pylori genotypes and histopathological findings
Only monoinfected patients were studied for the comparison of different bacterial strains and histopathological findings (n=494). Regarding the degree of inflammation and neutrophil activity in gastric tissue, patients carrying genotype s1m1cagA+ exhibited a higher degree of inflammation and higher neutrophil activity than those infected with the other strains (TABLE 2). 
Measurement of cytokines in different gastroduodenal diseases
Differences were observed in the concentrations of cytokines (IFN-γ, IL-12, IL-4, and IL-10) in the gastric mucosa of patients with different gastroduodenal diseases. The levels of IFN-γ and IL-12 were higher in the groups with gastric ulcer (P<0.05) and gastric cancer (P<0.05). In addition, lower levels of IL-4 and IL-10 were detected in these groups when compared to patients with gastritis (P<0.05) and duodenal ulcer (P<0.05) (FIGURE 1). 
Measurement of cytokines in infection with different H. pylori strains
The gastric concentrations of IFN-γ and IL-12 were significantly higher in patients infected with H. pylori compared to uninfected patients, while IL-4 and IL-10 concentrations were lower.
The concentrations of IFN-γ and IL-12 in gastric biopsies were also higher in patients carrying the virulent s1m1cagA+ genotype compared to patients infected with other strains. In contrast, IL-4 and IL-10 levels were higher in tissue infected with s2m2cagA-strains (TABLE 4) .
DISCUSSION
The objective of this study was to establish the association of the immune response induced by H. pylori infection with different gastroduodenal diseases and the histopathological alterations found in these cases. Bacterial virulence factors play an important role in the development of these gastroduodenal diseases since virulent strains are more aggressive and increase the risk of more severe clinical manifestations. Furthermore, host factors, particularly those that regulate the immune and inflammatory responses, can influence the progression to more severe forms of infection (23, 24) .
Comparison of the frequency of sex and age between the different gastroduodenal diseases showed a predominance of males among patients with gastric ulcer and gastric cancer and these patients were older than those of the other two groups studied. Studies have reported a higher incidence of gastric ulcer and cancer in patients above the age of 50 because of the occurrence of sequential metaplastic changes in the gastric mucosa secondary to H. pylori infection that can progress to dysplasia and neoplasms (25, 26) . The higher frequency of gastric ulcer and gastric cancer in men has been explained by the participation of environmental and lifestyle factors in places where men are more commonly exposed to stress, alcohol consumption and smoking (25) (26) (27) . The prevalence of H. pylori infection diagnosed by a molecular biology method (PCR) was 91% among patients with different gastroduodenal diseases. Similar results have been reported in other studies using this diagnostic method (12, 13, 28, 29) . Most patients (97.6%) were infected with only one type of bacterial strain (monoinfection) and 2.4% were infected with more than one strain (mixed infection). In Brazil, the frequency of multiple infections ranges from 3.4% to 17% depending on the population studied and the region where the study was carried out (12, 28, 29, 30) . Characterization of vacA alleles and of the presence of the cagA gene showed a predominance of genotype s1m1cagA+ in this study. Patients with gastric ulcer, duodenal ulcer and gastric cancer exhibited a higher frequency of the virulent s1m1cagA+ genotype than patients with gastritis. With respect to the association between vacA and cagA genotypes and the histopathological findings, patients infected with s1m1cagA+ strains had a higher degree of inflammation and neutrophil activity in the gastric mucosa, as well as an increased risk of developing intestinal metaplasia. These data support the correlation of pathogenic vacA and cagA genotypes of H. pylori with chronic aggression to the gastric mucosa and greater DNA damage to epithelial cells, events that contribute to the development of peptic ulcers and gastric cancer (5, 29, 31, 32) . In addition to the presence of different virulent strains in patients infected with H. pylori, the nature of the host immune response has been studied as one of the determinant factors for the development of different clinical manifestations in these patients (3, 16) . Infection with H. pylori induces a predominant CD4+ Tcell response and many studies have shown that most clones of these cells produce IFN-γ, indicating a Th1 phenotypic response (33) (34) (35) . The cytokines produced by this phenotype are unable to eradicate the bacterium and contribute to the development of more severe clinical manifestations (23, 24) . In the present study, the gastric concentrations of IFN-γ and IL-12 were significantly higher and the concentrations of IL-4 and IL-10 were lower in patients infected with H. pylori than in uninfected patients. Comparison of cytokine concentration (IFN-γ, 
Association between cytokine concentration and histopathological findings
The comparison of cytokine concentration in the gastric mucosa and histopathological findings showed higher levels of IFN-γ and IL-12 in patients exhibiting a higher degree of inflammation, higher neutrophil activity and intestinal metaplasia. In these patients, lower concentrations of IL-4 and IL-10 in gastric biopsies were demonstrated when compared to patients with mild inflammation and neutrophil activity and no intestinal metaplasia (TABLE 5) .
IL-12, IL-4, and IL-10) in the gastric mucosa revealed differences between patients with different gastrointestinal diseases. The levels of IFN-γ and IL-12 were higher in the groups with gastric ulcer and gastric cancer and lower levels of IL-4 and IL-10 were detected in these groups when compared to patients with gastritis and duodenal ulcer. This relationship of increased IFN-γ and IL-12 levels with the development of peptic ulcer and more severe clinical manifestations has been demonstrated in other studies (10, 36) . Analysis of cytokine concentration in gastric biopsies of patients infected with different bacterial strains showed higher concentrations of IFN-γ and IL-12 in patients infected with the virulent s1m1cagA+ genotype compared to those carrying other strains. In contrast, IL-4 and IL-10 levels were higher in tissue infected with s2m2 cagA-strains.
Comparison between cytokine concentration in the gastric mucosa and the histopathological findings showed higher levels of IFN-γ and IL-12 in patients with a higher degree of inflammation and neutrophil activity and a greater relationship with the presence of intestinal metaplasia. In addition, lower concentrations of IL-4 and IL-10 in gastric biopsies were observed in these patients when compared to those with mild inflammation and neutrophil activity and no intestinal metaplasia.
Taken together, these findings suggest that Th1 cells contribute to the magnitude of the inflammatory response in H. pylori infection. Thus, the inappropriate regulation of the host response to the luminal microbiota is paramount in determining whether the host will develop protective immunity or chronic inflammation (37) . The present results indicate that the interaction between the type of H. pylori strain and the immune response profile of the host contributes to chronicity of the disease and progression to more severe gastric disorders and may explain the different clinical manifestations of infection caused by this microorganism. These findings agree with data suggesting a higher frequency of a Th1 immune response in gastric biopsies of patients with peptic ulcer and gastric cancer infected with H. pylori genotype s1m1cagA+. The results are useful to identify patients who are at an increased risk of developing more severe lesions and, thus, may assist in the prognostic evaluation and treatment of these cases.
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